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ABSTRACT: Tropidurus comprises a Neotropical genus of lizard that currently has about 30 species widely 
distributed in the South American. Among these species, Tropidurus torquatus, which has the characteristic of great 
physiological plasticity, occupying a variety of habitats in open areas and urbanized environments. Considering this, the 
aim of the study was to investigate the germinative cells and spermatogenesis of a population of T. torquatus in an urban 
area under Cerrado Biome influences to understand how to establish the temporal development of germinative cells and 
spermatogenesis during a period of one year. Individuals were obtained in the Zoological Collection of Vertebrates at the 
Universidade Federal de Mato Grosso (UFMT), and the germinative cells and full spermatogenesis were described with 
light microscopy. Tropidurus torquatus presented germ cells with similar characteristics already documented for the other 
species of lizards and reptiles. Spermatogonia type A and B, primary and secondary spermatocytes, and spermatids were 
present in almost all months evaluated. The gonadosomatic ratio presented its highest value in October, moment in which 
spermatogenesis presented all the germinative cells and spermatozoa in the lumen, of the seminiferous tubules. In the 
seasonal climate of the Cerrado Biome, we observe discontinuous spermatogenesis in T. torquatus with the production of 
spermatozoa in almost every month of the year, however with sperm storage in the epididymis during the phase of 
testicular regression.  
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INTRODUCTION 
 
The adjustments involved in gametogenesis 
include, among others, morphological and 
functional differentiation of the organs related to the 
production and conducing of the gametes, 
fertilization and embryo development. In lizards, the 
temporal development of the germ cells is reflected 
in the testicular architecture (GRIBBS et al., 2003), 
allowing the definition of three types of 
reproduction: continuous reproduction (WILHOFT, 
1963; INGER; GREENBERG, 1966), continuous 
with variation in spermatogenic activity (LICHT; 
GORMAN, 1970; SEXTON et al., 1971), and 
discontinuous or seasonal reproduction (LICHT; 
GORMAN, 1970; MARION; SEXTON, 1971). 
According to Ferreira; Dolder (2002), reproduction, 
histologically described, is considered continuous if 
all germ cell classes are present in the seminiferous 
tubules at different stages of spermatogenesis during 
all periods of the year. However, discontinuous 
reproduction is characterized by its opposite with 
periods of the year in which only primordial cells of 
spermatogenesis are observed, while in other 
periods, mature cells of spermatogenesis fill the 
entire lumen of the tubule (FERREIRA; DOLDER, 
2002).  
 Tropidurus (WIED-NEUWIED, 1825) is a 
Neotropical genus of lizard with one of the widest 
distributions in the South American continent 
(CARVALHO, 2013). It is a lizard considered an 
early maturing animal, characterized by a short life 
expectancy and high fertility (TINKLE et al., 1970). 
Considering the wide geographic distribution of T. 
torquatus and its versatility to reproduce in different 
types of habitats, including urban areas.  
The objective of this study was to evaluated 
the germinative cells and spermatogenesis of T. 
torquatus belonging to a population in the Cerrado 
Biome from urban area of the city Cuiabá, Mato 
Grosso state, Brazil. Additionally, comparison of 
spermatogenesis for the same species and its 
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congeners from the other localities in South 
America was established. 
 
MATERIAL AND METHODS 
 
Specimens and Climate Data 
For this study, male specimens of 
Tropidurus torquatus deposited in the Zoological 
Collection of Vertebrates of the Universidade 
Federal de Mato Grosso were used. According to 
the records, these specimens were collected monthly 
in a period from june/2012 to may/2013, on the 
campus of this university in the urban area of the 
Cuiabá city, capital of Mato Grosso in the Brazilian 
Midwest (Fig. 1). This region in the Cerrado Biome 
is under the influence of tropical climate (Aw) 
following the KÖPPEN classification (1931), which 
is characterized by a seasonal precipitation, where 
rainfall is abundant for a period at the wet season 
and scarce in the dry season (SOUZA et al. 2013).  
To collect climate data, we considered the average 
monthly precipitation values, which were obtained 
by consulting the database of the Instituto Nacional 
de Pesquisas Espaciais (INPE) and the Centro de 
Previsão de Tempo e Estudos Climáticos (CPTEC).  
 
  
Figure 1. Map of the municipally of Cuiabá in Mato Grosso state, Brazil within the Cerrado Biome. 
Measurements and Light Microscopy 
 
 
For evaluation of the specimens, we 
recorded the snout-vent length (SVL) with a digital 
caliper with an accuracy of 0.001 mm. The 
gonadosomatic ratio (GR) was obtained using the 
ratio of the weight of the right testicle and the lizard 
weight for each individual sampled. After this 
evaluation, samples of the right testis and 
epididymis were submitted to a histological protocol 
adapted by FERREIRA et al. (2011), for light 
microscopy. Subsequently, the samples were 
embedded in methacrylate plastic resin and 
sectioned with 3 µm thickness at intervals of 30 µm 
between sections. The sections were stained with 
1% toluidine blue (pH 5 ~ 6), totaling three sections 
for each sample from each individual. For photo 
documentation and histological analysis, a capture 
system coupled to the optical microscope with the 
software Leica Application Suite (LAS V.3) was 
used. All histological material was deposited in the 
Laboratory of Morphology of the Universidade 
Federal de Mato Grosso.  
A qualitative approach was used to 
determine the occurrence and duration of 
spermatogenesis through the identification of the all 
germ cells, their occurrence and duration throughout 
the months of a year. The observation of only early 
germ cells and absence of spermatozoa in the 
seminiferous tubules and epididymis were 
considered to indicate a period with no reproductive 
individuals.  
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RESULTS 
 
Specimens and Germinative Cells 
The total of 52 male lizards of Tropidurus 
torquatus were analyzed, having the average SVL of 
102.03 mm (± 14.06). The testes were located in the 
dorsal region of the abdomen, occurring in pairs. 
The seminiferous tubules presented all types of 
germline cells (Figure 2A) during period of study. 
Spermatogonia type A was observed in the 
periphery of the seminiferous tubules, with an oval 
shape and poorly staining cytoplasm and the nucleus 
having an evident nucleolus (Figure 2A). 
Spermatogonia type A go into mitosis, resulting in 
spermatogonia type B. Spermatogonia type B were 
also observed on the basal lamina of the tubule, but 
with a rounded shape, more strongly stained 
cytoplasm and the nucleus which may present a 
conspicuous nucleolus or aggregates of 
heterochromatin (Figure 2A). Both spermatogonia 
were present in the seminiferous tubules throughout 
the study period, but were more evident in the 
proliferation phase in the months of May and June, 
decreasing progressively until the phase of 
regression between february to march (Figure 2B).   
 
 
Figure 2. Light microscopy of the seminiferous tubules of the lizard Tropidurus torquatus during the study 
period in a locality of the urban area of the Cerrado Biome in the city of Cuiabá, Mato Grosso, 
Brazil. A – Seminiferous tubule with germinative cells and interstitial tissue during the testicular 
spermiation phase in July and B – during regression in march. Abbreviations: Sg = Spermatogonia; 
SgA = Spermatogonia A; SgB = Spermatogonia B; Ps = Primary spermatocytes; Ss = Secondary 
spermatocytes; St = Spermatids; Es = Early spermatids; Ls = Late spermatids; L = Lumen; Se = 
Sertoli cell; Lc* = Leydig cell, It = Interstitial tissue and Ac=Acrosome vesicle. 
 
The primary spermatocytes correspond to 
the cells that go into meiosis, originating from 
Spermatogonia type B. In morphology, these cells 
showed different characteristics of the nucleus along 
meiosis I (Figure 3A – C). The spermatocyte during 
the leptotene phase presented a more strongly 
stained nucleus with filamentous chromatin. During 
the zygotene phase the nucleus showed dense 
chromatin with the formation of small lumps, 
occupying the entire nuclear area. In pachytene, 
cells were larger with heavily stained nuclei, with 
little gaps being observed in the nucleoplasm 
(Figure 3A). In metaphase of meiosis I the 
alignment of homologous chromosomes was 
observed in the central region of the cell. Primary 
spermatocytes were observed during all months of 
the study, especially in the phases of proliferation 
and spermiation of T. torquatus (Figure 3A – C). 
Secondary spermatocytes were a product of meiosis 
I, but they are difficult to visualize and differentiate 
from early spermatids. Secondary spermatocytes 
present the nucleus with more compacted 
chromatin, evident nucleolus and reduced cytoplasm 
in relation to primary spermatocytes (F Figure 3A, 
C). These spermatocytes were observed near the 
periphery of the seminiferous tubule when 
spermiation was reduced and close to the lumen 
when spermiation was more intense with release of 
mature spermatozoa (Figure 3B).  
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Figure 3. Light microscopy of the seminiferous tubules of the lizard Tropidurus torquatus during the study 
period in a locality of the urban area of the Cerrado Biome in the city of Cuiabá, Mato Grosso, 
Brazil. A – Seminiferous tubules in the spermiation phase during the spermatogenesis in June. B – 
Seminiferous tubules during the peak of the spermiation in October. C – Seminiferous tubules 
during testicular regression with no spermatozoa in the tubule lumen in May. Abbreviations: Sg = 
Spermatogonia; Ps = Primary spermatocytes; Ss = Secondary spermatocytes; St = Spermatids; Es = 
Early spermatids; L = Lumen; Se = Sertoli cell; Lc* = Leydig cell; It = Interstitial tissue and Z = 
Spermatozoa. 
 
Spermatids were present during the stages 
of spermiation and regression of spermatogenesis 
(Figure 3A – C) and have different structural 
characteristics during their maturation. We observed 
the initial spermatids or round spermatids with a 
strongly stained nucleus and strongly condensed 
chromatin (Figure 2A, 3B). The acrosome was 
observed as the formation of a blank space over the 
nucleus of spermatids (Figure 2A). Later, we 
observed the elongated spermatids with a thick 
dense filamentous shape surrounded by a less 
strongly stained cytoplasm (Figure 2A). Spermiation 
occurred in almost every month of the study period, 
decreasing in intensity during the regression phase, 
and ceasing in the months of February to April 
(Figure 3A – C). 
 
Spermatogenesis 
We observed that spermatogenesis was 
divided into four phases: proliferation, spermiation, 
regression, and quiescence. The proliferation phase 
starts in May, where the seminiferous tubules had 
spermatogonia and primary spermatocytes, which 
subsequently produced the first spermatids (Figure 
3A). During June to February the spermiation phase 
was characterized by a high germinal epithelium 
with many layers of cells, and in most of them 
secondary spermatocytes and spermatids can be 
found (Figure 3B). With increasing intensity of 
spermatogenesis, many spermatids changed their 
structure, completing maturation with the 
progressive release of spermatozoa in the lumen of 
the tubules (Figure 3B). The regression phase was 
observed during February to April, and is 
characterized by diminishing layers of germ cells, 
detachment of part of the germinal epithelium and 
emptying lumens (Figure 2B, 3C). In this phase, 
spermatozoa were rarely visualized in the lumen of 
the seminiferous tubules, being stored in the 
epididymis. The quiescent phase was brief, 
occurring in April and a few individuals possessed  
tubules with only two cell types, spermatogonia and 
Sertoli cells, that reorganized the testicular 
architecture for next proliferation phase.   
The epididymis showed structural changes 
in the epithelium and in its production of secretion 
during spermatogenesis of Tropidurus torquatus. 
During spermiation phase, the epithelium showed 
hypertrophy with tall cells and many secretory 
vesicles observed in the cytoplasm during the 
months of June to January (Figure 4 A). 
Spermatozoa were observed in the epididymis 
lumen in the same period (Figure 4 A). In the 
months of February to April, during the phase of 
testicular regression, the epithelium of the 
epididymis decreased in height, with few vesicles 
observed in the cytoplasm of epithelial cells (Figure 
4 B). The complete absence of spermatozoa in the 
lumen of the epididymis was observed only in April. 
The gonadosomatic ratio showed variations 
over the months of study, reaching the highest value 
in October when spermatogenesis presented all the 
germinative cells, mostly spermatids and 
spermatozoa in the lumen (Figure 5). However, after 
December the gonadosomatic ratio decreased 
progressively, following the changes in the 
arrangements of germinative cells that decrease in 
quantity, leading to the regression phase of the 
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spermatogenesis (F Figure 5).   The lowest value of 
the index occurred in May, where the tubule 
remains empty without spermatozoa in the lumen 
(Figure 5). 
 
 
Figure 4. Light microscopy of the epididymis of the lizard Tropidurus torquatus from the urban area of the 
Cerrado Biome in the city of Cuiabá, Mato Grosso, Brazil. A – Period with reproduction 
demonstrated by the presence of free spermatozoa in the lumen of the epididymis from July to 
January. B – Period without reproduction shown by the absence of spermatozoa in the lumen of the 
epididymis in April. Abbreviations: Ct* = Conjunctive tissue; Epd = Epididymis; Pse = 
Pseudostratified columnar epithelium; Z = Spermatozoa; Bv = Blood vessels and L = Lumen.  
 
  
Figure 5. Distribution of values of the gonadosomatic ratio (GR) for the lizard Tropidurus torquatus from the 
Cerrado Biome in the urban area in the city of Cuiabá, Mato Grosso, Brazil. The values correspond 
the period of June/2012 to May/2013, which was calculated for all individuals and the average values 
distributed for each month.  
 
DISCUSSION 
 
We evaluated the development of 
germinative cells in the lizard Tropidurus torquatus 
during the period of one year. Significant 
morphological differences and changes in the 
testicular architecture were identified during 
spermatogenesis the spermatogonia observed were 
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identified as type A when had an oval shape and 
evident nucleolus, while the type B were lower with 
rounded shape and had heterochromatin aggregates 
in the nucleus. The same types of spermatogonia 
were identified in the lizard Podarcis muralis 
(GRIBBINS; GIST, 2003), as the permanent cells of 
tubules during all spermatogenic phases. In the 
lizard Mabuya brachypoda the spermatogonia type 
A had the same oval shape, but with one or two 
prominent nucleoli (HERNÁNDEZ-FRANYUTTI; 
URIBE, 2012), while in T. torquatus we observed 
only one nucleolus. In addition, in Sceloporus 
bicanthalis, spermatogonia type A with a clear 
nucleolus or sometimes the absence of a nucleolus 
were found (GRIBBINS, 2011). Despite the 
diversity in the presence and quantity of nucleoli of 
spermatogonia, the other germinative cells observed 
in T. torquatu, such as primary spermatocytes, 
secondary spermatocytes and spermatids were 
similar to the characteristics described in other cell 
types of different species of lizards (GRIBBINS; 
GIST, 2003; GRIBBINS, 2011; HERNÁNDEZ-
FRANYUTTI; URIBE, 2012).  
The analysis of germinative cells showed 
that spermatogenesis in Tropidurus torquatus had a 
discontinuous pattern, however with presence of 
spermatozoa in the seminiferous tubules and 
epididymis occurred almost every month of the year 
except in April. Previous studies with males of the 
T. torquatus species showed continued 
spermatogenesis in different Biomes and 
phytophysiognomies like as Caatinga (VITT; 
GOLDBERG, 1983), Cerrado (WIEDERHECKER 
et al., 2002), Pampa (ARRUDA, 2009), Restinga 
(VAN SLUYS et al., 2010), Atlantic Forest 
(GOMIDES et al., 2013), and Chaco (ORTIZ et al., 
2014). These studies showed continuous production 
of spermatozoa for T. torquatus, but clearly 
decreased  reproductive activity in the months of 
January to April, period in which we observed 
testicular regression in our study. The only 
exception was observed in the population of the 
Atlantic forest, which maintained the reproductive 
activity without variations between seasons. This 
demonstrates that spermatogenesis in T. torquatus 
can occur regardless of seasonal variations, the rainy 
and dry season being the extremes of these 
variations in Brazil. According to 
WIEDERHECKER et al. (2002), the continuous 
production of spermatozoa does not require high 
energy expenditure, and may be a consequence of 
the high hormone levels needed for territorialism 
activities. All the locations cited above, are near  
urban areas or areas with some kind of anthropic 
activity, such as pastures, fishing or housing. Thus, 
the comparison of our results with those of other 
studies mentioned above occurs under similar 
conditions of  human influence.  
We compared variation in spermatogenesis 
for the congeners of Tropidurus torquatus. For 
example, T. hispidus was presented as having 
continuous spermiation in the Caatinga Biome 
(RIBEIRO et al., 2012), but the spermiation was 
restricted from March to August in the Amazon 
Forest (PRIETO et al., 1976). The species T. 
itambere was considered reproductive throughout 
the year in the Atlantic Forest (VAN SLUYS, 
1993). However, the relationship between the types 
of germinative cells and the size of seminiferous 
tubules showed differences of spermatogenic 
activity, with all types of germinative cells present, 
but with regression during February to April 
(FERREIRA et al., 2009). For T. oreadicus from the 
Cerrado Biome, spermatogenesis was more intense 
during the months of June to September, during the 
dry season (MEIRA et al., 2007; FERREIRA et al., 
2011). Another species of the Cerrado, T. montanus, 
presented reproductive males throughout the year, 
but in greater proportion from September to January 
(VAN SLUYS et al., 2002). Lizards of the genus 
Tropidurus have spermatogenesis that can be 
characterized as continuous, seasonal or 
discontinuous, depending on the aspect considered. 
Some species have continuous production of 
spermatozoa, despite the decrease in testicular 
parameters (e.g. T. torquatus, WIEDERHECKER et 
al., 2002; ORTIZ et al., 2014). Others have a 
seasonal reproduction, concentrating 
spermatogenesis in a specific period, such as T. 
itambere and T. hispidus (VAN SLUYS et al., 1993; 
RIBEIRO et al., 2012). Alternatively, they can be 
seasonal with interruption of spermatogenesis as 
observed in our study and in T. torquatus in the 
Restinga (VAN SLUYS et al., 2010).  
Thus reproductive studies also should 
consider the development of germinative cells, 
which is the most appropriate way to explain during 
which period the species is able to reproduce and 
how it can change over time. The presence of 
spermatozoa in the lumen of the tubules and 
epididymis is a strong indicator of reproductive 
fitness, and the analysis of all types of germinative 
cells is also important to detect a regression stage, 
which can interrupt, or not, the progression of 
spermatogenesis. 
 
CONCLUSIONS 
 
This population of male lizards of 
Tropidurus torquatus, inhabiting an urban area of 
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the city of Cuiabá under influences of the Cerrado 
Biome, presented all the types of germinative cells 
with morphologic and structural similarities to other 
species of lizards and other reptiles. 
Spermatogenesis occurred in the almost all 
months in the year, but spermiation was 
discontinuous with a brief period for testicular 
regression.  
The epididymis presented structural 
variation of the epithelium during spermiation and 
testicular regression, the storage of spermatozoa 
being observed even when the tubules had empty 
lumen. These results are, in part, similar to another 
population of T. torquatus from the Cerrado Biome. 
However, there is a limited number of descriptive 
studies of germinative cells and spermatogenesis for 
the other populations of this species in Brazil.  
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RESUMO: O gênero de lagartos neotropicais Tropidurus tem cerca de 30 espécies amplamente distribuídas no 
continente sul-americano. Entre essas espécies, Tropidurus torquatus é a que apresenta grande plasticidade fisiológica, 
ocupando uma variedade de hábitats em áreas abertas e ambientes urbanizados. Considerando isso, o objetivo do estudo 
foi investigar as células germinativas e a espermatogênese de uma população de T. torquatus em uma área urbana sob a 
influência do Bioma Cerrado para entender como é estabelecido o desenvolvimento temporal das células germinativas e a 
espermatogênese durante o período de um ano. Indivíduos foram obtidos na Coleção Zoológica de Vertebrados da 
Universidade Federal de Mato Grosso (UFMT). A caracterização das células germinativas e da espermatogênese foi 
realizada através de microscopia de luz. Tropidurus torquatus apresentou células germinativas com características 
similares às já documentadas para outras espécies de lagartos e répteis. Espermatogônias do tipo A e B, espermatócitos 
primários e secundários e espermátides estiveram presentes praticamente em todos os meses. A razão gonadossomática 
apresentou seu valor máximo em outubro, momento em que a espermatogênese apresentou todas as células germinativas e 
espermatozoides no lúmen do túbulo seminífero. No clima sazonal do Bioma Cerrado observamos espermatogênese 
descontínua em T. torquatus com a produção de espermatozoides em quase todos os meses do ano, porém com estocagem 
nos epidídimos durante a fase de regressão testicular. 
 
PALAVRAS-CHAVE: Reprodução. Lagarto macho. Savana. Brasil. 
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